In the central Sichuan Basin, the maturity of source rocks in the Xujiahe Formation of the Upper Triassic is not high, with R o values ranging from 0.8% to 1.2%. However, the gas reservoirs nowadays show characteristics of high gas-oil ratios and low condensate oil content (3.8-91.9 g/m 3 on average). There are abundant gas hydrocarbon inclusions developed in the reservoir, with few liquid hydrocarbon inclusions, which indicates that the coal measures gave priority to gas rather than oil. In the fluid inclusion group, the CH 4 and C 2 H 6 contents are 79.62-96.42% and about 10% respectively, while the content of C 3 H 8 ranges from 3% to 5%. The carbon isotope values are δ 13 C 1 = -44.59 ~ -39.31‰, δ 13 C 2 = -24.82 ~ -28.05‰, δ 13 C 3 = -21.39‰, δ 13 C 4 = -22.05 ~ -20.2‰, δ 13 Cco 2 = -9.14 ~ -13.86‰. The component and isotope compositions of gas in fluid inclusions coincide with those in the reservoirs, indicating that the gas hydrocarbon in the fluid inclusions can represent the residual gas in the reservoirs. The coal-measure source rocks can generate gas all the time during its burial process. The formation of salt-water inclusions associated with the gas inclusions can be divided into three stages. Firstly, the subsidence stage was at 170~100 Ma, with the temperature of 70~120°C. Secondly, the deep burial stage was during 100~60 Ma, with the temperature of 120~150°C. Thirdly, the uplift stage was at 60~0 Ma, with the temperature of 90~120°C. The time range reflected from gas inclusion is very wide, showing that the coal measures gave priority to gas hydrocarbon and can generate and expel gas continuously in a long period.
INTRODUCTION
The Sichuan Basin is an intra-plate basin at the west of Yangzi Plate. It lies to the east of Longmen Mountain-Emei Mountain-Daliang Mountain, occupying the whole eastern Sichuan province and Chongqing city. The Sichuan Basin is a large petroliferous basin with marine carbonate deposition and terrestrial clastic deposition (Guo et al., 1996; Tong, 1992) . It is one of the most stable basin in China, and also the most important gas production basin. Its gas-bearing area can reach 18×10 4 km 2 , and the gas proven reserves, gas field number and gas production are all the No. 1 in China ( Fig. 1) (Dai et al., 1997) . Several large gas fields, i.e., Bajiaochang, Tongnan, Guang'an and Hechuan, as well as a series of small gas fields, i.e., Jinhua, Moxi, Suinan, Chongxi, Lianchi and Longnvsi, have been discovered since people started to do the exploration in the Xuejiahe Formation in central Sichuan Basin nearly 60 years ago. The proven reserve of the Upper Triassic Xuejiahe Formation of this area has exceeded 3000×10 8 m 3 , indicating great exploration potential. The Xujiahe Formation in central Sichuan Basin went through compaction and cementation during the continuous burial stage and local dissolution during the uplift stage, forming low/ultra-low porosity and permeability sandstone reservoirs with high heterogeneity and water saturation. The petroleum migration and forming mechanisms are very complicated, which makes it very difficult for the oil and gas exploration. In recent years, fluid inclusions have been applied in the study of reservoir and petroleum accumulation (Dai et al., 2001; 2007a; Volk et al., 2002; 2003; Dutkiewicz et al., 2004; Dai, 1992; Chu et al., 1991; Zhu et al., 2002; Zhou et al., 2004) . In this paper, we studied the gas reservoir forming mechanisms based on the technology of fluid inclusion analysis (Tao, 2003a; Tao et al., 2003b; Ou et al., 2006; Zhang et al., 2005) , and reveal the distribution of low/ultralow permeability sandstone gas reservoirs in Xujiahe Formation.
The gaseous hydrocarbons in Xujiahe Formation are kerogen-cracking gas and dominated by CH 4 , but the content of C 2 + is also relatively high. Hence the gas is relatively wet with dry indexes mostly less than 0.95. There is no indication of H 2 S or mixing by oil and gas from underlying marine formations. Carbon isotope value and dry index of the gas in Xujiahe Formation show a positive correlation. δ13C 1 and δ13C 2 range from -43‰ to -32‰ and -28‰ to -23.5‰ respectively, exhibiting the characteristics of coalifeous gas. It indicates that the natural gas in Xujiahe Formation is mainly from Upper Triassic coal-measure source rocks, without significant contribution from deeper source rocks (Dai et al., 2007a; 2007b; Volk et al., 2004; Liu et al., 2000) .
The burial depth of gas reservoirs in central Sichuan Basin is mainly 2000-2500 m, and the cost on exploration and development is relatively low. This area has become the important exploration field for natural gas resource after we made a breakthrough at the Carboniferous reservoirs, and it is also the practical field for the continuous development of natural gas industry in China. 
SAMPLES AND ANALYSIS
In our project we chose more than 80 samples of fluid inclusions from tight sandstone reservoirs of Xujiahe Formation in 28 wells, which are all located in gas bearing intervals from gas fields in central Sichuan Basin. Most of the samples of Xujiahe sandstones are lithic arkose and feldspathic litharenite, with higher component maturity but lower textural maturity. The sedimentary microfacies of the studied area are delta plain-front distributary channel and estuary bar, where medium-coarse sandstones develop. Thin sections with both sides polished are made from all samples, and are observed under optical microscopes, and then the fluid inclusions gases are analyzed. We chose 27 samples from 22 wells to test and analyze thermal properties and salinity of the saline inclusions which coexist with hydrocarbon inclusions. These saline inclusions mainly developed in secondary fractures of grains and overgrowth of quartz grains. More than 10 locations are tested in each single sample to ensure the reliability of data.
All the testing was done in Petroleum Geology Research and Laboratory Center (PGRL) of RIPED, PetroChina. The standard of SY/T6010-1994 "Methods for determining homogenization temperature and salinity of fluid inclusions in sedimentary rocks" is followed to do the testing. The instruments we used include multifunctional microscope ZEISS AXIOSKOP and LINKAM liquid nitrogen hot and cold units TMS94. The results are listed in Table 1 . The procedure of extracting gas samples from inclusions is, firstly crush the sample and select host mineral, then eliminate the organic matter with dichloromethane + methanol (9:1) in Soxhlet extractor, and finally exhaust the gas in inclusions by using vacuum grinding method. The compositions of gas in inclusions are analyzed by gas chromatographic method using 6890 N chromatograph produced by Agilent Corporation. The chromatobar is Poraplot Q (30 m×0.25 mm×0.25 µm), and He is the carrier gas (Qin et al., 2008; . The results are listed in Table 2 . The SIRA for gas was done in GC-IRMS isotope mass spectrometer, type IsochromI1, with Poraplot Q as the chromatobar and He as the carrier gas. The results are listed in Table 3 . He and Ar isotopic compositions are analyzed by isotope dilution method using MM5400 static vacuum mass spectrometer. The results are listed in Table 4 .
PETROLOGIC CHARACTERISTICS OF FLUID INCLUSIONS
The three main reservoir rock types of Xujiahe Formation (Xu 2, Xu 4 and Xu 6 Members) in central Sichuan Basin are feldspathic litharenite, lithic arkose, and lithic quartz sandstone; among which feldspathic litharenite is the most common type, with variable matrix contents. Quartz overgrowth, which usually develops in lithic quartz sandstone and feldspathic quartz sandstone, and calcite are the main two types of authigenic minerals. There are also microcracks that pass through the grains and sutures developed in sandstone reservoirs of Xujiahe Formation.
Fluid inclusions discussed in this study mainly exist in microfractures and overgrowth of quartz. Most of the fluid inclusions are between 2 µm-40 µm, and the vapour-liquid ratios are between 3%-10% (Table 1) . Fluorescence is related to the fluid property of the inclusions: most of them are saline inclusions with no fluorescence; gaseous hydrocarbon inclusions have very weak fluorescence; some inclusions are condensate inclusions with blue and white or shallow yellow fluorescence (Fig. 2) . Due to the coal-measure source rocks, the charging is dominated by natural gas, and secondarily by some condensate oil in the early stage. Most hydrocarbon inclusions found in this area are relatively small and they are mainly light hydrocarbon saline solution inclusions, high-contnent gaseous hydrocarbon inclusions and pure gas inclusions. 
THE CHARGE HISTORY AND EVOLUTION OF GAS RESERVOIRS
In central Sichuan Basin, the maturity of source rock in the Xujiahe Formation is not high, with R o value ranging from 0.8% to 1.2%. However, the gases in current reservoirs have high gas-oil ratios and low condensate oil content (3.8~91.9 g/m 3 on average). There are abundant gas hydrocarbon inclusions developed in the reservoir rocks, with few liquid hydrocarbon inclusions, indicating that the coal measures gave priority to gas. Salt-water inclusions co-exsited with the gas inclusions were tested. As can be seen from Table 1 , the homogenization temperatures of fluid inclusions are of great diversity and wide distribution, ranging from 61.2 to 148, with 84.8-133.0 on average, which shows several charge stages occurred in the gas reservoir. The sequence of the host mineral in gas hydrocarbon inclusions, combined with a comprehensive analysis of depositional and burial history (Figs. 3 and 4) , shows that the Formation of salt-water inclusions associated with the gas inclusions can be divided into three stages. Firstly, the subsidence stage was at 170-100 Ma, with the temperature of 70-120. Secondly, deep burial stage was during 100-60 Ma, with the temperature of 120-150. Thirdly, the uplift stage happened since 60 Ma, with the temperature of 90-120. This reflects that the coal measures generate and expel gas continuously in a long period. From the temperature-time curve of inclusions, we found that horizontally different traps with the same structure and the same layer can have asynchronous charge stages. For example, the homogenization temperatures of inclusions and the charge time of natural gas of Xu 4 and those of Xu 6 Members in Guang'an are significantly different (Table 1, Fig. 4 ). Such phenomenon also exists in Hechuan area. The salt-water inclusions associated with the gas inclusions in Xu 2 Member from well Hechuan 1 indicate that the main charge time is Cretaceous (110 Ma, 75 Ma). Two types of inclusions in Xu 2 Member from well Hechuan 3 were formed in 115 Ma and 82 Ma, respectively. Many other blocks also have the same phenomenon such that natural gas from different wells, different traps and different layers in one well were charged in different stages. Fluid inclusions results combined with characteristics of hydrocarbon generation and expulsion of coal measures show that gas from Xujiahe Formation was definitely charged continuously. Combination of the homogenization temperature of fluid inclusions and burial history of this area (Fig. 3) can track the gas charge stages. The results show that the gas inclusions were formed in a very wide time range. They were formed in both burial period and uplift period. The charging time indicated by different inclusions has some differences. The results show that the different gas reservoirs from one well have asynchronous charge stages (Fig. 4) . In Xu 4 Member from well Guang'an 122, we found diagenetic traps formed in different periods. The Formation of diagenetic traps and charge of hydrocarbons proceeded alternately. Gas reservoirs formed in different stages coexist within the same well. For example in well Guang'an 122, there are two gas reservoirs in Xu 4 Member (Fig. 4) , between which is dense compartment. The two reservoirs were formed at different times due to the differences of the capture speed and gas reservoir-forming timeduring the continuous charging process. Depth of the upper gas pool in Xu 4 Member is 2412.28 m, with porosity of 8.26%. According to the capture temperature of inclusions, the charge time of upper gas pool (early) was K 2 (120 Ma). The depth of the lower gas pool is 2431.42 m, with porosity of 6.90%. According to the capture temperature of inclusions, the charge time was K 1 (75 Ma). The difference reflects that the porosity and permeability control the charging rate time. Generally, the sand bodies with high permeability can capture gas in advance, and the charging is faster, and the reservoir formation is earlier. According to the perennity and sustainability of inclusion charge stages, it is not scientific to divide the accumulation period into one time or several times. However, on the basis of depositional and burial history, the continuous accumulation process can be divided into three stages: the early deposition stage, the middle deep burial stage and the late uplift stage. In the early and middle stages (continuously bury and charge), the diagenetic traps formed and the generation of hydrocarbon reached the peak. Due to hydrocarbon generation and differential compaction, the pressure difference between the source rock and reservoir is a powerful driving force for hydrocarbon migration and accumulation. The migration of hydrocarbons generated and expulsed was characterized by "face-like evaporation -convection", and the reservoirs formed at this time are so called "pan-gas fields" (with low gas saturation, some dispersed residual gas in tight sandstone, and general reserve of gas in the sand). Late uplift stage is the stage of adjustment, and also the settling time of traps, during which hydrocarbon generation and expulsion continuously proceeded (Sun et al., 2009) . Due to the tectonic uplift and unloading, gas dispersed in the contiguous sand bodies migrated in manner of "bundle streaming -converge " type, and accumulated to the site with good reservoir property (diagenetic trap) to form widely distributed "isolated gas reservoirs" (with high gas saturation and less dispersed residual gas in tight sandstone, Fig. 6 ). Figure 6 . The cross-section of gas reservoirs in Xu 4 Member from well Guang'an 122 to well Guang'an 109 in central Sichuan Basin.
GEOCHEMICAL COMPOSITION OF FLUID INCLUSIONS AND CHARACTERISTICS OF RESERVOIRS IN XUJIAHE FORMATION
The CH 4 , C 2 H 6 and C 3 H 8 contents in the fluid inclusions are 79.62~96.42%, about 10%, and 3% ~5%, respectively. As to the carbon isotope values, δ 13 C 1 =-44.59~-39.31‰, δ 13 C 2 =-24.82~-28.05‰, δ 13 C 3 =-21.39‰, δ 13 C 4 =-22.05~-20.2‰, and δ 13 Cco 2 =-9.14~-13.86‰. The composition and isotope values of gases in fluid inclusions coincide with those in the gas reservoirs nowadays, indicating that the gaseous hydrocarbon in the fluid inclusions can represent the residual gas in the reservoirs (Dai and Chen, 1994; Dai et al., 2007b; 2009b) , which was mainly formed and preserved in the late stage.
The central Sichuan Basin is favorable for hydrocarbon accumulation due to the stability of tectonics and the advantage of source-reservoir-cap assemblages. For example, Guang'an area is generally located in the local high position of the lowamplitude uplift in central Sichuan basin, and has the characteristics of early tectonic setting, long-time diagenetic traps and large area. The coal-measure source rocks developed in the area, and the generated gas can accumulate in traps close to these source rocks. Since the source-reservoir-cap is in close contact and the sand bodies with large thickness developed in Xu 4 and Xu 6 Members are good layers of hydrocarbon migration, the accumulation conditions are favorable. The horizontal change of carbon isotopes of the gases is not regular or obvious, reflecting that the gas mainly came from local source rocks, and that vertical migration or local lateral migration dominated without large-scale lateral migration. Carbon isotope values of carbon dioxide are from -5.6‰ to -15.6‰, indicating the coexistence of organic and inorganic origin (Dai et al., 2009b; Liao et al., 2010) . Inorganic carbon dioxide came from the sedimentary rocks of crustal layer. He and Ar associated with natural gas are positively related in content. 40 Ar/ 36 Ar and 3 He/ 4 He also has a positive correlation (Table 4 , Fig. 7 ). He and Ar isotopic composition shows that R/Ra ratios are less than 0.5, mostly less than 0.1 (Table 4 ), reflecting that the crust was stable without any deep or large faults or mixing by deep-sourced gas (Dai et al., 1997; 2007b) , and the natural gas was mainly from the shallow crust. Diagenetic traps dominate in Xujiahe Formation in central Sichuan Basin. According to the temperature-time curve of inclusions, the forming mechanism of diagenetic traps in this area can be summarized as planar evaporation-differently separate aggregation. The hydrocarbon generated in the middle stage entered into the overlying contiguous sand body, and then separately converged into diagenetic traps of good porosity and permeability. During the tectonic uplift stage of adjustment, hydrocarbon further separately converged into the sand bodies which have good porosity and permeability (Figs. 6 and 8) . 
CONCLUSIONS
(1) In the center of the Sichuan Basin, the maturity of source rock in the Xujiahe Formation is not high, with R o value ranging from 0.8% to 1.2%. However, the current gas reservoirs have high gas-oil ratios and low condensate oil content (3.8~91.9 g/m 3 on average). There are abundant gas hydrocarbon inclusions developed in the reservoir, with few liquid hydrocarbon inclusions, which shows that the generation of hydrocarbons by coal measures gave priority to gas rather than oil.
(2) The CH 4 , C 2 H 6 and C 3 H 8 contents in the fluid inclusions are 79.62~96.42%, about 10%, and 3%~5%, respectively. As to the carbon isotope values, δ 13 C 1 = -44.59~-39.31‰, δ 13 C 2 = -24.82~-28.05‰, δ 13 C 3 = -21.39‰, δ 13 C 4 = -22.05~-20.2‰, δ 13 Cco 2 = -9.14~-13.86‰. The component and isotope values of gases in fluid inclusions coincide with those in the gas reservoirs, showing that the gaseous hydrocarbon in the fluid inclusions can represent the residual gas in the reservoirs. The residual gas is mainly formed and preserved in the late stage. (3) According to the sequence of the host minerals in gaseou hydrocarbon inclusions, combined with a comprehensive analysis of depositional and burial history, the formation of salt-water inclusions associated with the gas inclusions can be divided into three stages: Subsidence stage (70-120), deep burial stage (120-150) and uplift stage (90-120). The corresponding time was 170-100 Ma, 100-60 Ma and 60-0 Ma respectively. This reflects that the coal measures generate and expel gas continuously in a long period. (4) He and Ar associated with natural gas are positively related in contents. 40 Ar/ 36 Ar and 3 He/ 4
He also have a positive correlation (Table 4 , Fig. 7 ). He and Ar isotopic composition analysis shows that R/Ra ratio is less than 0.5, mostly less than 0.1 (Table 4 ), reflecting that the crust was stable without deep or large faults or mixing by deep-source gas, and the natural gas was mainly from the shallow crust. (5) In Xujiahe Formation in central Sichuan Basin, the contiguous sand bodies are interbedded with source rocks, which is favorable for source-reservoircaprock assemblages. It is beneficial to continuous gas charge. The wide range of source rock, layered distribution of reservoir and gentle slope of dip, are favorable the formation of large-scale and low-abundance tight sandstone gas field.
